adipogenesis has provided key insights into the molecular nature of this process. However, given that 3T3-L1 are of an embryonic origin, it is not clear to what extent they represent adipogenesis as it occurs in white adipose tissue (WAT). With the goal of better defining preadipocytes and adipogenesis in WAT, we have generated a new cell culture model from adipocyte precursors present in C57BL/6 mouse subcutaneous WAT. ScAP-23 preadipocytes show fibroblastic morphology, and on treatment with dexamethasone, 3-methylisobutylxanthine, insulin, and indomethacin, convert to nearly 100% adipocyte morphology. ScAP-23 adipocytes contain abundant lipid droplets and express transcripts for PPAR␥, C/EBP family, and SREBP-1c transcription factors, SCD1, aFABP, ATGL, GLUT4, FAS, LDL, and GPDH, and are insulin responsive. Differential screening of 1,176 genes using nylon DNA arrays identified 10 transcripts enriched in ScAP-23 adipocytes vs. preadipocytes and 26 transcripts enriched in ScAP-23 preadipocytes vs. adipocytes. Semiquantitative or real-time PCR analyses identified a common cohort of 14 transcripts markedly downregulated in both ScAP-23 and 3T3-L1 adipogenesis. These included catenin-␤1, chemokine ligand-2, serine or cysteine peptidase inhibitor f1, aurora kinase B, thrombospondin2, and solute carrier-7a5. Five of these transcripts (Ccl2, Serpinf1, Aurkb, Thbs2, and Slc7a5) demonstrated at least a twofold increase in WAT from obese (ob/ob) mice compared with that of wild-type mice. This suggests that comparative gene expression studies of ScAP-23 and 3T3-L1 adipogenesis may be particularly fruitful in identifying preadipocyte-expressed genes that play a role in adipose tissue physiology and/or pathophysiology. differentiation; adipogenesis; immortalization; subcutaneous adipocyte precursor THE PRIMARY ROLE OF white adipose tissue (WAT) is the storage of excess energy in adipocytes and mobilization of these reserves to meet the energy demands of the organism. Adipocytes also synthesize and secrete a number of soluble factors including leptin, resistin, and TNF␣ (10, 21, 39, 40, 58, 118) . Excess expansion of adipose tissue mass underlies obesity and is a major health concern in modern society. Comorbidities of obesity include type 2 diabetes, hypertension, and some types of cancer (1, 12, 117) . Studies on the molecular aspects of adipocyte differentiation and the examination of the function of various adipocyte-expressed gene products have yielded many advances in the last several decades (40, 46, 67, 72, 81) . These have led to a marked enhancement of our understanding of the cellular and molecular basis of adipose tissue growth in physiological and pathological conditions and have provided insights into therapeutic strategies for the treatment and prevention of obesity (13, 63) . Increases in WAT mass can occur via an increase in adipocyte size and/or increase in adipocyte cell number (39, 40) . Adipogenesis, defined as the differentiation of preadipocyte to mature adipocyte, is ongoing throughout the lifespan and is accompanied by dramatic increases in genes that encode molecules central to adipogenesis including those critical in lipogenesis, lipolysis, lipid transport, and hormone signaling (40).
THE PRIMARY ROLE OF white adipose tissue (WAT) is the storage of excess energy in adipocytes and mobilization of these reserves to meet the energy demands of the organism. Adipocytes also synthesize and secrete a number of soluble factors including leptin, resistin, and TNF␣ (10, 21, 39, 40, 58, 118) . Excess expansion of adipose tissue mass underlies obesity and is a major health concern in modern society. Comorbidities of obesity include type 2 diabetes, hypertension, and some types of cancer (1, 12, 117) . Studies on the molecular aspects of adipocyte differentiation and the examination of the function of various adipocyte-expressed gene products have yielded many advances in the last several decades (40, 46, 67, 72, 81) . These have led to a marked enhancement of our understanding of the cellular and molecular basis of adipose tissue growth in physiological and pathological conditions and have provided insights into therapeutic strategies for the treatment and prevention of obesity (13, 63) . Increases in WAT mass can occur via an increase in adipocyte size and/or increase in adipocyte cell number (39, 40) . Adipogenesis, defined as the differentiation of preadipocyte to mature adipocyte, is ongoing throughout the lifespan and is accompanied by dramatic increases in genes that encode molecules central to adipogenesis including those critical in lipogenesis, lipolysis, lipid transport, and hormone signaling (40) .
Adipose tissue precursors that can give rise to mature adipocytes in vivo remain ill defined. As such, the 3T3-L1 preadipocyte cell line (38) has served as an extensively utilized cell culture model. Studies with these cells have been key to dissecting signals controlling adipogenesis, for example the central role of the peroxisome proliferator-activated receptor-␥ (PPAR␥) and C/EBP transcription factors (67, 109, 112) , as well as for the functional characterization of many adipocyteexpressed genes (40, 72) . However, while 3T3-L1 cells appear to recapitulate many key aspects of adipogenesis, the advent of microarray technology has allowed for a more refined molecular assessment of the relative similarities and distinctions between in vitro adipogenesis exemplified by 3T3-L1 cells vs. adipogenesis as it may occur in vivo (94) . Moreover, the embryonic source of Swiss 3T3 cells, from which the 3T3-L1 cell line was generated (38) , corresponds to a time in murine development at which WAT has not yet appeared (3) . As such, the lineage relationship of 3T3-L1 cells to preadipocytes present in adult WAT is at present undetermined. Studies on in vivo adipogenesis have identified genes enriched in the stromal-vascular fraction of adipose tissue, compared with the adipocyte fraction (34, 94, 106) . Given, however, the heterogeneous cell types present in the nonadipocyte fraction of adipose tissue, cells of the stromal-vascular population are unlikely to precisely reflect preadipocyte gene expression and/or phenotype. In addition, it has been reported that a multitude of gene expression changes occur as a result of standard procedures used in fractionation of adipose tissue into adipocyte and stromal-vascular cell fractions (85) . Thus the need to develop and utilize additional models for in vitro adipogenesis studies to complement studies in 3T3-L1 cells is increasingly evident; several of these alternate models have already proven useful in the study of adipogenesis and adipocyte gene expression (28, 49, 51, 56, 77, 110, 119) . Overall, the ability to use new and/or multiple adipogenesis models should greatly facilitate a further refinement of the definition of that cohort of genes that most centrally define the preadipocyte and adipocyte phenotype. Furthermore, uncovering the distinct characteristics of individual adipogenesis models may provide unique insights into the nature of adipogenesis in, for example, normal vs. disease states, bone marrow vs. adipose tissue, and visceral vs. subcutaneous adipose tissue; studies that illuminate the latter process have recently been reported (34, 106) .
In this study, we have developed and characterized a new, permanent preadipocyte cell line from mouse subcutaneous WAT that we designate subcutaneous adipocyte precursor, cell line-23 (ScAP-23). We have used this novel in vitro adipogenesis model to identify new differentiation-dependent genes whose expression is upregulated or abolished in adipogenesis. We believe that ScAP-23 cells will serve as a valuable new tool for the study of adipogenesis in general, and that these cells may be particularly suited for studies of the characteristics of preadipocytes and adipocytes from subcutaneous WAT. preadipocyte cell line. Subcutaneous adipose tissue was removed from 3-wk-old male C57BL/6 mice, rinsed three times in sterile Hanks' balanced salt solution (HBSS), and minced with scissors. Tissue was transferred to a 50-ml sterile tube with 15 ml of HBSS containing 0.1 mg/ml type II collagenase (Sigma-Aldrich, St. Louis, MO). After digestion for 40 min at 37°C with constant agitation, material was filtered through a 250 m-pore size nylon mesh (Sefar America, Depew, NY), and filtrate was centrifuged at 2,000 rpm for 5 min. The floating adipocyte fraction was removed, and the pellet of preadipocyte-containing stromal-vascular cells was resuspended in DMEM containing 10% FCS and plated. This cellular fractionation protocol for adipose tissue had been validated in our hands by assessment for marker transcripts for the stromal-vascular fraction and adipocyte fraction. We also failed to detect by Northern blot transcript expression for the macrophage marker emr1 and for the endothelial marker von Willebrand factor in these cell populations, indicating a low contribution of these cell types to our stromal-vascular fraction preparations (data not shown). For immortalization of subcutaneous stromal-vascular cells, the pBabe-puro-hTERT retroviral expression construct (kindly provided by Dr. R. Weinberg, Massachusetts Institute of Technology, Cambridge, MA) was transfected into Phoenix 293T retroviral packaging cells using the CaPO 4 coprecipitation method. After 48 h, supernatant containing retroviral particles was collected and passed through a 45-m filter. Stromal-vascular cells from subcutaneous adipose tissue were infected with viral supernatant in the presence of 4 g/ml polybrene (Sigma-Aldrich) for 6 h. Medium was changed 48 h postinfection, and cells were treated with 1 g/ml puromycin (Sigma-Aldrich) for 5 days to select drug-resistant cells. Cultures were expanded in DMEM containing 10% FCS and observed for spontaneous adipogenic conversion. Individual clonal lines derived thereof were tested for adipogenic conversion by treatment with various combinations of adipogenic inducing agents.
MATERIALS AND METHODS

Fractionation of adipose tissue and establishment of the
Cell culture and differentiation treatments. ScAP-23 cells were maintained in DMEM supplemented with 10% calf serum, 1% penicillin-streptomycin, and 1% glutamine and passaged before reaching confluence. Unless otherwise noted, for differentiation of ScAP-23 cells, cells were treated at confluence with DMEM supplemented with 10% FCS in the presence of the adipogenic inducers, 0.5 mM methylisobutylxanthine (MIX), 1 M dexamethasone, 17 nM insulin, and 0.2 mM indomethacin, for 72 h. Adipogenic agents were then removed, and cultures continued in DMEM containing 10% FCS and 17 nM insulin. At 5 days postinduction of differentiation, adipocyte conversion had occurred in nearly all cells, as judged by lipid accumulation. Earlier-stage cells (approximately up to 100 doublings) and later-stage cells (ϳ140 doublings) readily differentiated based on morphology and on the expression of several adipocyte marker transcripts. 3T3-L1 cells (American Type Culture Collection, Manassas, VA) were propagated in DMEM supplemented with 10% calf serum. For differentiation, 3T3-L1 cells were treated at 2 days postconfluence with DMEM supplemented with 10% FCS in the presence of the adipogenic inducers, 0.5 mM MIX and 1 M dexamethasone, for 48 h. Adipogenic agents were then removed, and growth of cultures continued in DMEM containing 10% FCS. At 5 days postinduction of differentiation, adipocyte conversion had occurred in nearly all cells. For assessment of multilineage differentiation of ScAP-23, we employed previously published protocols for neurogenesis (70, 86) , myogenesis (124, 126) , and osteogenesis (70, 86) .
For Oil Red O staining, cells were rinsed twice with PBS and fixed in 10% formaldehyde in PBS for 1 h. An Oil Red O stock solution of 0.5% in isopropyl alcohol was diluted with water at a 3:2 ratio and filtered through a 0.45-m filter. Fixed cells were stained for 1 h at room temperature. Cells were rinsed three times with distilled water, and images were documented with an Olympus IX70 inverted microscope and a digital camera. To quantify intracellular lipid content, Oil Red O stain was extracted with isopropanol, and absorbance was measured at 510 nm and values corrected against cell number. For assessment of cell growth kinetics, ScAP-23 cells and 3T3-L1 cells were plated in six-well plates at 5 ϫ 10 4 cells/well. At 24, 48, 72, 96 , and 120 h following plating, cells were trypsinized and counted using a cell counting chamber. These studies were conducted three independent times; within each study, time points were assessed in triplicate.
Northern blot and DNA filter array hybridizations. RNA was isolated using an SV total RNA isolation kit (Promega, Madison, WI) for ScAP-23 cells or Trizol reagent (Invitrogen, Carlsbad, CA) for other cells and tissues, according to the manufacturer's instructions. For studies of gene expression in murine WAT, 8-wk-old C57BL/6 or ob/ob male mice were utilized. All animal treatments were conducted with the approval of the University of Toledo Health Science Campus Institutional Animal Care and Use Committee. Northern blot analyses were conducted a minimum of two times. For this, 5 g of RNA were fractionated in 1% agarose-formaldehyde gels in MOPS buffer and transferred to Hybond-N membrane (GE Healthcare, Piscataway, NJ). Blots were hybridized in ExpressHyb solution (BD Biosciences Clontech, Palo Alto, CA) with 32 P-labeled random-primed DNA probes. After a washing, membranes were exposed at Ϫ80°C to Kodak Biomax film with a Kodak Biomax intensifying screen. For quantitation of gene expression depicted in Northern blots, samples were also subject to analysis by real-time PCR. Northern blot data presented as contiguous lanes and shown as an inclusive panel arose from a single original image of a Northern blot gel and autoradiogram. However, as noted in the respective figure legend, in some instances data lanes were removed or rearranged for clarity or economy of presentation.
For DNA filter array analysis, Atlas 1.2 mouse II nylon membranes (BD Biosciences Clontech) containing 1,176 genes were hybridized with reverse-transcribed 32 P-labeled cDNA probes from ScAP-23 preadipocytes, ScAP-23 adipocytes, 3T3-L1 preadipocytes, and 3T3-L1 adipocytes. Hybridization was performed exactly per manufacturer's instructions, and membranes were exposed at Ϫ80°C to Kodak Biomax film with a Kodak Biomax intensifying screen. Following visual assessment to identify candidate genes that were either up-or downregulated in ScAP-23 adipogenesis, all candidate gene expression results reported in Tables 1 and 2 , were validated by real-time PCR on triplicate samples.
PCR-based analysis of transcript levels. For reverse transcription and semiquantitative PCR analysis, total RNA was subject to purification with an RNeasy RNA purification kit with DNase I treatment (Qiagen, Valencia, CA), and 5 g were used for first-strand cDNA synthesis with SuperScript II RNase H-RT (Invitrogen) and an oligo(dT)-22 primer. For real-time PCR assessments, first-strand cDNA was synthesized as described above using 3 g of DNase I-treated total RNA. Target cDNA levels were analyzed by SYBR Green-based real-time PCR in 25-l reactions containing 1ϫ SYBR Green PCR Master Mix (Applied Biosystems, Foster City, CA), 200 nM each forward and reverse primers, and 10 or 50 ng of cDNA. Real-time PCR was conducted with an ABI 7500 Real-Time PCR System. PCR was carried out over 40 cycles of 95°C for 15 s, 60°C for 30 s, and 72°C for 40 s, with an initial cycle of 50°C for 2 min and 95°C for 10 min to activate AmpliTaq Gold DNA polymerase; a dissociation curve was generated over the range of 60 -95°C. Expression of each gene was normalized against Gapdh transcript level. In all cases, the same amount of input RNA/cDNA was used in side-by-side comparisons, and the Gapdh level for these samples differed by two or fewer cycles. The cycle threshold (Ct) value was generated using ABI Prism 7500 SDS software, version 1.2, and then exported to a Microsoft Excel spreadsheet. Fold changes were calculated and are shown as means Ϯ SD in triplicate. For Table 1 , transcript expression level in preadipocytes was set at a value of 1; for Table 2 , transcript expression in adipocytes was set at a value of 1. In cases where transcript expression was not evident after 40 PCR cycles, a value of 40 cycles was assigned to that sample to calculate the delta Ct and express fold differences. This was done for the preadipocyte value for adiponectin, angiotensinogen, and adipsin in Table 1 ; other such instances are noted in the respective figure legends. All primer pairs used in semiquantitative and real-time PCR studies are presented as a Supplemental Table ( supplemental data are available at the online version of this article). Semiquantitative PCR gel data presented as contiguous lanes and shown as an inclusive panel arose from a single original image of one agarose gel. However, as noted in the respective figure legend, in some instances data lanes were removed or rearranged for clarity or economy of presentation.
Insulin receptor immunoprecipitation and immunoblotting. ScAP-23 adipocytes were incubated with serum-free media or serum-free media containing insulin for 16 h, followed by a 5-min incubation with 100 nM insulin. Cells were harvested in lysis buffer containing 50 mM Tris ⅐ HCl, pH 7.4, 1% NP-40, 150 mM NaCl, 1 mM EDTA, 1 mM PMSF, 200 M Na 3VO4, 1 mM NaF, 1% protease inhibitor cocktail (cat. no. P8340, Sigma-Aldrich), 1% phosphatase inhibitor cocktail (cat. no. P5726, Sigma-Aldrich), 1 g/ml aprotinin, 1 g/ml leupeptin, and 1 g/ml pepstatin for 45 min at 4°C, after which fat cake and insoluble material were removed. For immunoprecipitation, cell lysates were incubated overnight with mouse monoclonal antibody to insulin receptor-␤ (IR-␤) [Santa Cruz Biotechnology (C-19), Santa However, as noted in the respective figure legend, in some instances data lanes were removed or rearranged for clarity or economy of presentation.
RESULTS AND DISCUSSION
Growth characteristics of ScAP-23 preadipocytes. Following ϳ70 doublings, ScAP-23 was selected as a permanent clonal preadipocyte cell line and expanded for an additional 70 doublings. ScAP-23 cells were demonstrated to express transcript for hTERT by semiquantitative PCR (data not shown). It was noted during the establishment of this cell line that while the morphology of the cells was typically fibroblastic, some individual cells within the population underwent spontaneous conversion to adipocytes. We also observed that cells began to grow poorly and appeared generally unhealthy at higher densities when cultured in media containing FCS. Substitution of calf serum for the FCS resulted in cell growth that was more Indomethacin is a key agent for the adipogenic conversion of ScAP-23 preadipocytes. While a degree of spontaneous adipocyte conversion was noted to occur sporadically during the establishment of the ScAP-23 clonal line, the utility of this new cell line to the study of adipogenesis was dependent on defining optimal conditions for full adipose conversion. We first tested the 0.5 mM MIX, 1 M dexamethasone, and 17 nM insulin (MDI) differentiation protocol carried out in the presence of FCS-containing media. We found that this protocol, although a standard one for adipogenic conversion of 3T3-L1 preadipocytes, was not effective in propelling ScAP-23 preadipocytes to an adipocyte phenotype. The literature indicated the occasional use of indomethacin, a nonsteroidal anti-inflammatory drug that can bind and activate PPAR␥, for inducing adipogenesis in some types of preadipocytes (69) . Although not reported in regard to adipogenesis, indomethacin has also been reported to induce growth arrest in a number of cell lines (6, 16, 25, 92) . We therefore ascertained the affects of supplementing the MDI treatment with indomethacin (MDIϩIndo), in the presence of FCS-containing media. Figure 1B shows that the use of the MDIϩIndo adipogenic cocktail resulted in Ͼ90% adipocyte conversion of ScAP-23 preadipocytes, as assessed by cell morphology (Fig. 1B) , lipid droplet accumulation, and Oil Red O staining of intracellular lipid (Fig. 1,  B-D) . Thus, in contrast to the differentiation regimen for 3T3-L1 preadipocytes, we find that effective adipose differentiation of ScAP-23 preadipocytes depends on inclusion of indomethacin in the adipogenic cocktail. To facilitate uniform differentiation, we do not typically treat less-than-confluent ScAP-23 cells for adipogenic induction; however, we have observed that individual ScAP-23 cells have the ability to undergo either spontaneous or induced adipogenesis without requiring confluence (data not shown). We also note here that the protocol we have established for ScAP-23 cells involves treatment with adipogenic inducing agents when cells just attain confluence, as postconfluent ScAP-23 cells appeared unhealthy. This differs from the standard 3T3-L1 differentiation protocol, wherein preadipocytes are treated with adipogenic inducing agents at 2 days postconfluence (101) .
We next documented the morphological alterations in ScAP-23 cells over an 8-day period from the preadipocyte state (day 0) through 7 days postinduction with the MDIϩIndo protocol (Fig. 1D) . A few cells that contained lipid droplets appeared by 3 days postinduction, and by day 4, a much greater percentage of cells contained small lipid droplets; these in- were incubated in serum-free medium (SF) or insulin-containing (Ins) medium for 16 h and then stimulated with insulin for 5 min. Protein lysates were subjected to immunoprecipitation (IP) with IR-␤ antibody followed by immunoblotting (IB) with phosphotyrosine (pY) antibody or IR-␤ antibody. C: GLUT4 expression during ScAP-23 adipogenesis. RNA was harvested from ScAP-23 cells before differentiation (day 0) and on indicated days postinduction of differentiation. RT-PCR was performed using a primer set specific for GLUT4. Hypoxanthine guanine phosphoribosyl transferase-1 (Hprt1) was used as a control. As described in MATERIALS AND METHODS, quantitation of GLUT4 transcript expression was also determined by real-time PCR. For A, B, and C, data presented in each horizontal panel were obtained from one single original image. For A and B, data lanes were removed or rearranged for clarity or economy of presentation. creased in size through the last time point examined, day 7. Also shown in Fig. 1D, bottom (Fig. 1C) . We also assessed whether ScAP-23 cells express marker transcripts for other cell lineages that would be present in adipose tissue, namely macrophage (Emr1 and Cd68), endothelial (Flt1 and Pecam), and neuronal (Nse and S100b), with samples subjected to 40 cycles of real-time PCR. Expression of these cell typespecific marker transcripts was nearly undetectable in ScAP-23 preadipocytes in regard to macrophage and neuronal markers and undetectable for endothelial markers (Fig. 1E) .
Since we had observed that addition of indomethacin to the MDI cocktail resulted in a high level of adipose conversion, we next wished to ascertain the contribution(s) of each of these four proadipogenic agents to the induction of ScAP-23 adipogenesis. We altered the composition of the differentiation treatments by using combinations of dexamethasone, MIX, insulin, and/or indomethacin and assayed for adipocyte conversion with Oil Red O staining, as shown in Fig. 2 . Of the four agents tested, inclusion of indomethacin was necessary for effective ScAP-23 adipogenesis (treatment 1); however, treatment with indomethacin alone was not sufficient to promote adipose conversion of ScAP-23 preadipocytes (treatment 2). When indomethacin was added with MIX alone (treatment 4), or with MIX and insulin in combination (treatment 8), we observed a statistically significant enhancement of adipogenesis relative to that observed when these agents were used in the absence of indomethacin. From these studies, we concluded that the optimal protocol for adipogenic conversion of ScAP-23 cells is MDIϩIndo.
Molecular aspects of insulin signaling in ScAP-23 adipocytes. An exhaustive physiological and transcriptional characterization of this new in vitro model for adipogenesis can be explored in future studies; however, we thought it was important at this stage to determine whether ScAP-23 adipocytes evidenced indexes of insulin responsiveness. Western blot analysis, as shown in Fig. 3A , indicates that adipogenesis of ScAP-23 cells is accompanied by the appearance of insulin receptor-␤ expression, which is first noted 1 day postinduction of adipogenesis. To examine the responsiveness of the insulin signaling through the insulin receptor, we determined the insulin-mediated autophosphorylation of insulin receptor-␤ in ScAP-23 adipocytes. As is shown in Fig. 3B , increased insulin receptor-␤ phosphorylation was noted on addition of insulin to ScAP-23 adipocytes under serum-free culture conditions. Last, Fig. 3C shows the semiquantitative RT-PCR assessment indicating that the transcript level for GLUT4, the major insulinresponsive glucose transporter in adipocytes, is upregulated ϳ60-fold (P Ͻ 0.001) in mature day 6 adipocytes compared with preadipocytes; it is first detected at 2 days postinduction and dramatically increased by day 4. Figure 4A shows a Western blot analysis of the time course of upregulation of PPAR␥ protein level and indicates that increased PPAR␥ protein expression is noted by 1 day postinduction of ScAP-23 adipogenesis and is maximally expressed at days 4 and 5. To examine the PPAR␥ transcript level, we used Northern blot analysis (Fig. 4B) and PCR (Fig. 4C) . The temporal increase in PPAR␥ transcript is maximal at days 4 and 5, as was found for PPAR␥ protein. In addition, the level of PPAR␥ transcript is similar in ScAP-23 adipocytes and 3T3-L1 adipocytes. It is known that two isoforms exist for PPAR␥, with PPAR␥1 evidencing a more general expression pattern and PPAR␥2 being the adipocyte-specific form. To distinguish between expression of PPAR␥1 and PPAR␥2 in ScAP-23 cells, we conducted semiquantitative RT-PCR analysis. As Fig. 4C , left, demonstrates, it is only the level of the adipocyte-specific PPAR␥2 form that increases during ScAP-23 adipocyte differentiation, and real-time PCR (Fig.  4C, right) indicates an ϳ280-fold upregulation (P Ͻ 0.001). To begin to address the expression of other transcription factors known to play important roles in adipogenesis, we used Northern blot analysis (Fig. 4D) to assess the level of C/EBP family members (112) and sterol response element binding protein-1c (SREBP-1c) (57, 90) as well as Krox20/Egr2, a gene newly identified to play a role in early events in adipocyte differentiation of 3T3-L1 cells (17) . For C/EBP␣, we observe an upregulation of approximately eightfold ( P Ͻ 0.01) at day 3. This is consistent with the temporal early upregulation of this gene in the 3T3-L1 model that occurs proximal to treatment with adipogenic inducers (112) . However, while the Northern blot analysis appears to show upregulation of C/EBP␤ at day 3, this was not validated by real-time PCR (data not shown). C/EBP␤ is critical to early 3T3-L1 adipogenesis (71); its role in ScAP-23 adipogenesis can be more precisely addressed in future studies. Krox20/Egr2 transcript is present at detectable levels and increases ϳ25-fold (P Ͻ 0.01) at day 3 of ScAP-23 adipogenesis. SREBP-1c transcript increases ϳ4-fold at day 3 (P Ͻ 0.01) and ϳ10-fold at day 5 (P Ͻ 0.01). This figure also demonstrates that the levels of transcripts for C/EBP␣, C/EBP␤, and Krox20/Egr2 are of a similar magnitude in ScAP-23 and 3T3-L1 adipocytes; however, the level of SREBP-1c transcript, a key player in the transcriptional regulation of genes functioning in lipid homeostasis (90), appears higher in ScAP-23 adipocytes than in 3T3-L1 adipocytes. Future studies can more precisely dissect the regulation of expression, as well as the function, of adipogenic transcription factors in ScAP-23 adipogenesis and attempt to identify new transcriptional regulators of adipogenesis in this model.
Expression of adipocyte and preadipocyte marker genes in ScAP-23 adipocytes.
As an initial molecular assessment of the molecular phenotype of ScAP-23 cells, we conducted Northern blot analysis on ScAP-23 adipocytes using several standard mRNA markers for mature adipocytes, namely, stearoyl-coenzyme A desaturase-1 (SCD1), adipocyte fatty acid binding protein (aFABP), lipoprotein lipase, glycerol-3-phosphate dehydrogenase, and fatty acid synthase. The Northern blot analysis in Fig. 5A indicates that SCD1 and aFABP transcripts are upregulated during ScAP-23 adipocytes. Real-time PCR indicated that SCD1 increased ϳ20-fold (P Ͻ 0.001) during conversion of ScAP-23 preadipocytes to day 5 adipocytes, and a 5-fold (P Ͻ 0.001) increase in aFABP transcript level was found. The relatively modest degree of upregulation of aFABP was not due to lack of robust transcript expression in adipocytes but rather to the expression of easily detectable levels of aFABP transcript in ScAP-23 preadipocytes. Although this is not readily apparent on the Northern blot in Fig. 5A , it was evident in real-time PCR-based assessment (data not shown). A similar observation had been reported by Friedman and colleagues (94) when they reported on inconsistencies between adipogenesis in vitro and in vivo for aFABP transcript expression. Although they noted that the presence of aFABP was 2.7-fold higher in wild-type mature adipocytes in vivo than in preadipocytes, it was still expressed at high levels in preadipocytes in vivo (94) . This is in line with our findings regarding aFABP expression in ScAP-23 adipogenesis. This might suggest that, compared with 3T3-L1 preadipocytes, ScAP-23 preadipocytes may be more reflective of the in vivo state of preadipocyte/adipocyte gene expression.
Semiquantitative PCR assessment (Fig. 5B ) and real-time PCR analysis indicates that ScAP-23 adipogenesis is accompanied by an increase in lipoprotein lipase transcript (ϳ4-fold, P Ͻ 0.001) as well as that of glycerol-3-phosphate dehydrogenase and fatty acid synthase (ϳ7-fold, P Ͻ 0.001). We also detected upregulation of the adipocyte-specific adipokine resistin (1,100-fold, P Ͻ 0.001) and the newly discovered lipase adipose triglyceride lipase (ATGL) (25-fold, P Ͻ 0.001) in ScAP-23 adipogenesis (Fig. 5C ). A number of recent studies have indicated that cells within the WAT depot may, under certain conditions, come to resemble brown adipocytes (19, 44, 125) . Even though the ScAP-23 cell line was derived from a WAT depot and morphologically resembles white adipocytes, we thought it important to examine whether ScAP-23 cells might show evidence of brown adipocyte-specific gene expression. Examination of two brown adipocyte-specific marker transcripts, Cidea and uncoupling protein-1 (UCP1), indicates that, while each is readily detected in brown adipose tissue, neither is found in ScAP-23 preadipocytes or adipocytes (Fig.  5D ), consistent with a white adipocyte lineage for ScAP-23 cells.
To assess gene expression at the preadipocyte stage, we chose several genes known to decrease during 3T3-L1 adipogenesis and used Northern blot analysis to assess their expression levels in ScAP-23 and 3T3-L1 preadipocytes and adipocytes. We first analyzed expression of pref-1. Pref-1 is an EGF-repeat transmembrane protein that is cleaved to release a soluble inhibitor of adipogenesis, and the pref-1 gene product is abundant in 3T3-L1 preadipocytes and dramatically decreases on their adipocyte conversion (91) . The Northern blot in Fig. 6A and the real-time PCR analysis in Fig. 6B reveal that ScAP-23 adipogenesis is accompanied by a decrease in pref-1 level to ϳ6% (P Ͻ 0.001) of that present in ScAP-23 preadipocytes. In contrast to the relatively low level of pref-1 transcript level in ScAP-23 preadipocytes, 3T3-L1 preadipocytes express markedly higher levels of pref-1 transcript (ϳ340-fold higher than ScAP-23 preadipocytes, P Ͻ 0.001) (Fig. 6D ). This is reduced by 90% (P Ͻ0.001) on their adipocyte conversion, as expected (91) (Fig. 6B) .
We also compared pref-1 transcript level in ScAP-23 preadipocytes with the level of pref-1 transcript in the preadipocyte-containing stromal-vascular fraction and the adipocyte fraction of adipose tissue. Figure 6C shows effective fractionation of adipose tissue into the stromal-vascular fraction and adipocyte fractions, as assessed by expression of the adipocyte marker resistin and the stromal marker collagen1A1. Analyses of pref-1 transcript in these fractions, as well as pref-1 transcript levels in ScAP-23 and 3T3-L1 preadipocytes, are shown in Fig. 6D . We show that 3T3-L1 preadipocytes express ϳ50 times the level of pref-1 transcript compared with the adipose tissue stromal-vascular fraction. In contrast, the expression of pref-1 in ScAP-23 cells is present at levels that are within sevenfold of the level found in the stromal-vascular cell population. Although difficult to precisely determine in vivo, it has been estimated that 15-50% of cells in the stromal-vascular fraction of adipose tissue are preadipocytes (61, 106) . If 50% of the stromal-vascular fraction cells represent preadipocytes, we would expect a twofold enrichment of pref-1 transcript in ScAP-23 preadipocytes over the level found in the stromalvascular fraction. Thus the level of pref-1 transcript in ScAP-23 preadipocytes is somewhat less than predicted. Nevertheless, we conclude from this data that the level of pref-1 transcript in ScAP-23 preadipocytes is more in line with its expression in vivo than with the high degree of enrichment for pref-1 transcript found in 3T3-L1 preadipocytes, which are of embryonic origin. Microarray data generated by Friedman and colleagues (94) have revealed distinct transcriptional profiles of adipogenesis in vivo and in vitro. Similar to our data herein, they reported that pref-1 was expressed poorly in vivo but highly enriched in 3T3-L1 preadipocytes. Future studies can further address the ability of ScAP-23 preadipocytes to effectively recapitulate aspects of in vivo preadipocytes and in vivo adipogenesis. Additional preadipocyte gene assessment in ScAP-23 adipogenesis revealed that GATA-3, a transcription factor with a key role in adipogenic conversion (108) and which is known to be expressed in 3T3-L1 preadipocytes, is present at a similar magnitude of expression in 3T3-L1 and ScAP-23 preadipocytes (ϳ3.5-fold higher in 3T3-L1, P Ͻ 0.001). It is similarly downregulated on adipogenic conversion of both cell lines with a 90 and 85% reduction in ScAP-23 and 3T3-L1 adipogenesis, respectively (P Ͻ 0.001) (Fig. 6E) . Northern blot analysis of transcript levels of the inhibitor of DNA binding helix-loop-helix factors Id1 and Id2 indicates that these transcripts are expressed at similar levels in ScAP-23 and 3T3-L1 cells and are markedly downregulated in both on adipose conversion (Fig. 6F) , as has been previously demonstrated for in vitro adipogenesis (75) .
In addition to variation in transcript level for ScAP-23 and 3T3-L1 cells with regard to SREBP-1c and pref-1, during our studies we also found evidence of further transcriptional distinctions between 3T3-L1 and ScAP-23 with regard to the level of Crip1, SOCS3, and cathepsin H transcripts (Fig. 6F) . Crip1 shows enriched transcript expression in 3T3-L1 preadipocytes (ϳ40-fold increase vs. ScAP-23 preadipocytes, P Ͻ 0.001) and is downregulated on their adipose conversion. Crip1 encodes a 77-amino acid cysteine-rich intestinal protein with a LIM motif; studies in transgenic mice revealed that overexpression of Crip1 leads to an imbalance in cytokine patterns, suggesting a role in immune system function (65). To our knowledge, Crip1 has not been previously addressed in adipogenesis. Two genes that show enriched expression in ScAP-23 are SOCS3 and cathepsin H. Endogenous SOCS3 expression in adipocytes is proposed to be a key determinant of basal insulin signaling and to be an important molecular mediator of cytokine-induced insulin resistance in adipocytes (89) . Members of the cathepsin serine protease protein family have also come to light recently in adipocyte and adipose tissue function and obesity (97); however, cathepsin H has not yet been addressed in this regard. While it is possible that, to some degree, the differential gene expression found between ScAP-23 and 3T3-L1 adipocytes might stem from differences in their respective adipogenic conversion protocols, it is also reasonable to speculate that the genes most central to the function of white adipocytes would likely be similarly expressed and regulated in both cell lines. On the other hand, distinctions between ScAP-23 and 3T3-L1 preadipocytes and/or adipocytes will likely point to genes whose function may not be essential to the most fundamental nature of adipocytes, for example triglyceride synthesis and turnover. These uniquely expressed genes might reflect, with regard to ScAP-23 cells, aspects of the molecular nature of preadipocytes and adipocytes derived from WAT. Future studies can further delineate similarities and distinctions of these two in vitro models of adipogenesis.
Assessment of capacity of ScAP-23 preadipocytes for multilineage differentiation. Multilineage differentiation of human and rodent adipose tissue-derived cells to mesenchymal derivatives or other cell lineages has been described. This is attributed to a mesenchymal or other stem cell population present in adipose tissue (36, 41, 70, 126) . The shared mesenchymal lineage of adipocytes with that of chondrocytes, myocytes, and osteocytes has also been demonstrated in studies of multilineage differentiation of the CH310-T1/2 mesenchymal cell line (103) and of bone marrow-derived mesenchymal primary cells and cell lines (24, 80) . As a first step in assessing the potential of ScAP-23 preadipocytes to differentiate to lineages other than adipocyte, we cultured them under conditions previously reported to promote neurogenic, myogenic, osteogenic, or chondrogenic differentiation of adipose tissue stromal stem cells. One of each of the two protocols tested for neurogenic (70) , myogenic (126) , or osteogenic (70) differentiation proved toxic to the cells, as did the protocol we tested for chondrogenesis (41) , and as such was not subject to further analysis. We were able, however, to identify treatment protocols from the literature during which ScAP-23 cells remained viable and appeared healthy for a limited time: 3 days for neurogenesis (86) and osteogenesis (124) and 6 days for myogenesis (70) . None of the tested differentiation induction treatments led to changes in cellular morphology, with the exception of a very transient morphological alteration in the several hours following application of neuronal induction conditions (data not shown). After this period, ScAP-23 cells reverted to their typical fibroblastic appearance.
We used real-time PCR to examine transcript expression of ScAP-23 cells for the expression of lineage marker genes before and during/following multilineage differentiation induction. These were neuron-specific enolase, S100b, and tubulin-␤3 for neurogenesis; myoD and myogenin for myogenesis; and runx2 and Bglap/osteocalcin for osteogenesis. A tissue sample enriched for these respective cell types (brain, muscle, and bone) was utilized as a positive control for lineage marker transcript expression. These data are shown in Fig. 7 . With regard to neuronal markers (Fig. 7A ), S100b and tubulin-␤3 decreased at days 1 and 3 postinduction (P Ͻ 0.001) rather than increased, as would be indicative of differentiation to a neuronal phenotype. Nse increased ϳ5-fold at day 1 and ϳ8-fold at day 3 (P Ͻ 0.001); however, this is ϳ25-fold less than the level of Nse transcript found in brain. Assessment at later time points was not possible because of the toxicity of culture conditions. After 40 cycles of real-time PCR, myogenic marker transcripts remained undetectable in ScAP-23 preadipocytes as well as at days 3 and 6 of the myogenic induction protocol (Fig. 7B ). An ϳ3-fold increase (P Ͻ 0.05) in Runx2 transcript was found at day 3 of osteogenic induction, and a 23-fold (P Ͻ 0.001) increase for Bglap/osteocalcin (Fig. 7C) . However, the level of these bone markers in ScAP-23 cells is markedly less than that found in bone tissue. It is possible that by testing a wider range of differentiation conditions and/or reducing the toxicity of the treatments, we might be able to formulate culture conditions for enhanced conversion of ScAP-23 cells to lineages other than adipocyte. We may also be able to force lineage differentiation via ectopic expression of various lineage-specific master regulatory transcription factors. With the caveat that our in vitro studies to date are limited in scope, they nonetheless support that ScAP-23 cells are of a preadipocyte/adipocyte lineage.
DNA filter array analysis of ScAP-23 adipogenesis. Our functional and gene expression assessments of ScAP-23 cells herein indicate that ScAP-23 adipocytes reflect multiple important aspects of adipocyte biology. To identify additional genes that are regulated in ScAP-23 adipogenesis, we conducted differential screening of commercial DNA nylon filter arrays with reverse-transcribed probes from ScAP-23 preadipocytes and adipocytes. This array of 1,176 murine genes was chosen based on the high representation of metabolism-related genes. We identified 10 genes upregulated during ScAP-23 adipogenesis. Each of these genes was validated via real-time PCR, and their fold increases (P Ͻ 0.001) are noted in Table  1 . These genes include a number of adipocyte-expressed and/or adipocyte-specific genes that have been well studied in 3T3-L1 and other models of in vitro and/or in vivo adipocytes. These are CD36 antigen (4, 31) , haptoglobin (53) , adiponectin (50), lipoprotein lipase (122) , fatty acid binding protein-4/aFABP (7, 95) , angiotensinogen (88) , and complement factor D/adipsin (20) . While not well studied in adipocytes, lipocalin-2 has been previously reported as induced in the 3T3-L1 model (53) . Apolipoprotein C1 and carbonic anhydrase-3, while not previously described as regulated during in vitro adipogenesis, have been implicated in WAT function (8, 54, 113) .
A large number of genes that define the adipocyte phenotype have been described, and many of these are closely linked to the physiological role of the adipocyte in lipid metabolism and whole body energy balance (82, 83, 94) . In contrast to the ease in which one can identify adipocytes in the in vitro and in vivo setting, the phenotypic and molecular definition of preadipocytes remains unclear, and the study of preadipocytes is severely limited by the present lack of robust markers. A multitude of genes expressed in 3T3-L1 cells and downregulated during their adipose conversion have been reported in microarray studies over the past few years (83, 94) . However, only a few of these have been further validated or characterized as preadipocyte marker genes and/or studied with regard to their function in adipocyte conversion (75, 84, 91, 108) . We identified 26 genes enriched in ScAP-23 preadipocytes vs. ScAP-23 adipocytes. Transcript downregulation for each of these genes was confirmed by real-time PCR, and fold decreases were determined (P Ͻ 0.001) (these are listed in Table  2 ). We reasoned that with this new preadipocyte cell line, we might be able to begin to better identify that group of genes that is most fundamental to the preadipocyte stage. Genes that evidenced a common pattern of downregulation in two independent models of adipogenesis, namely ScAP-23 and 3T3-L1, may point to gene expression patterns important for the preadipocyte phenotype. To identify such genes, we hybridized the same nylon filter array set used to analyze ScAP-23 gene expression, with probes derived from 3T3-L1 preadipocytes and 3T3-L1 adipocytes. We chose 14 genes that appeared to be downregulated in both ScAP-23 and 3T3-L1 adipogenesis for semiquantitative PCR assessment of transcript levels. These genes represent various categories of protein function including cell cycle-related genes, secreted factors, and signaling molecules. Figure 8A shows the differentiation-dependent downregulation of these genes in ScAP-23 adipogenesis and Of the transcripts assessed by PCR, the preadipocyte-enriched expression of two of these genes in ScAP-23 adipogenesis, namely, ␤-catenin (Ctnnb1) and Ccl2, would be anticipated based on their previously described expression and/or function in 3T3-L1 adipogenesis. With regard to Ctnnb1, activation of the canonical ␤-catenin-dependent Wnt signaling pathway inhibits adipogenesis (84) . Ccl2, also known as monocyte chemoattractant protein-1 (MCP-1), is produced by adipose tissue and is involved in the recruitment of monocytes to sites of inflammation and in obesity (55) and also possesses anti-angiogenic function (87) . A number of genes not previously described as downregulated during adipogenesis were identified. Several are related to cell proliferation; this is expected, in that studies of in vitro adipogenesis indicate growth arrest to be a central step (40) . These include Cdk4 (45), Cdc2 (29), proliferin-2 (22) , and the receptor tyrosine kinase Axl (43) . Aurora kinase B (Aurkb) (14) and Mtap1b, (74) , are involved in microtubule dynamics. Microtubule dynamics play a role in the regulation of adipocyte lipid droplet size as well as insulin-stimulated GLUT4 translocation (9, 42, 78), and downregulation of Aurkb and Mtap1b may be related to these processes. Other newly identified genes downregulated in adipogenesis encode secreted factors. Igfbp6 is a member of the insulin-like growth factor binding protein family (30) . Our finding that three anti-angiogenic secreted factors, Thbs2 (64), Serpinf1 (23) , and Ccl2/MCP-1 (87), decrease on adipocyte conversion is consistent with this close link between angiogenesis and expansion of adipose tissue mass (48) . The function of lysyl oxidase, Fkbp10, and Slc7a5 in adipogenesis remains to be investigated. In addition to those genes that were downregulated in both ScAP-23 and 3T3-L1 adipogenesis, filter analysis indicated that Gaa, Lgals1, and Hsp90aa1 were not decreased during 3T3-L1 adipogenesis; this transcript expression pattern was confirmed by real-time PCR (data not shown).
The contribution of the nonadipocyte component of adipose tissue to obesity and its related pathologies is recently emerging (21, 116) . We therefore determined whether the preadipocyte-enriched genes were differentially expressed in obesity by performing real-time PCR analysis on RNA from subcutaneous WAT tissue from wild-type mice and from the murine ob/ob genetic model of obesity. As shown in Fig. 9 , the expression level of transcripts for Thbs2, Ccl2, Aurkb, Slc7a5, and Serpinf1 was elevated in ob/ob WAT. Thbs2 evidenced the highest degree of upregulation in ob/ob WAT, with an average increase of approximately sevenfold; this is consistent with the recent report of upregulation of Thbs-2 in genetic and dietinduced murine models of obesity (114) . An approximately twofold upregulation of a second anti-angiogenic factor, Serpinf1, is also noted in obesity. We also found an approximate fivefold increase in Ccl2/MCP-1 in obesity; this is consistent with that previously reported for this factor (11, 55) . Proteins encoded by these genes may contribute to balance of the various pro-and anti-angiogenic factors involved in the growth/maintenance of adipose tissue mass. Approximately threefold and fivefold increases for Aurkb and Slc7a5 tran- Fig. 9 . Expression of Ctnnb1, Ccl2, Serpinf1, Aurkb, Thbs2, and Slc7a5 in adipose tissue of wild-type and ob/ob mice. Subcutaneous WAT RNA from 2 C57BL/6 wild-type mice (WT; open bars) and 2 ob/ob mice (solid bars) was collected, and real-time PCR was performed as described in MATERIALS AND METHODS. Values were normalized to Gapdh expression, and the gene expression level of the first WT bar was set at 1. Average fold changes were calculated and are shown as means Ϯ SD in triplicate. scripts were also noted. A role, if any, of these latter two genes in obesity is yet to be determined.
Our studies on the molecular events of ScAP-23 adipogenesis to date have focused primarily on assessing gene expression distinctions in the preadipocyte vs. the mature adipocyte stage. Future analysis of this new adipogenesis model will address the interim stages of adipogenesis, including the early events of this process. With regard to this, the initial phase of adipocyte conversion of 3T3-L1 cells is termed mitotic clonal expansion (MCE) and is defined as two relatively rapid rounds of synchronous reentry into cell cycle mitoses. MCE is initiated on treatment of 2-day postconfluent preadipocytes, which have undergone density-dependent growth arrest in a unique G 0 /G 1 state (71) . MCE is initiated via extracellular signals from the differentiation inducers and is followed by expression of genes that lead to acquisition of the mature adipocyte phenotype (71) . The MCE phase of 3T3-L1 adipogenesis was first documented ϳ25 years ago (96) , and many key molecular details of this process that intimately tie cell cycle control to adipogenesis have been clarified in this model in the intervening years (79, 98, 99, 102, 123) . MCE has been demonstrated to be requisite for adipogenesis of 3T3-L1 cells (101) . Other in vitro adipogenesis models are far less well characterized with regard to MCE. For example, it appears unclear as to whether it is requisite for differentiation of the mesenchymal stem cells line, CH310T1/2 (18, 100). It has been reported that ST-13 preadipocytes, which derive from precursors present in adult mammary gland (120) and human primary preadipocytes (32), do not require MCE.
Given that ScAP-23 are not postconfluently growth arrested at the time of treatment with adipogenic inducers, but rather have just attained confluence, we presently believe that the strict definition of MCE developed from studies on 3T3-L1 adipogenesis does not apply to ScAP-23 cells. Two-day postconfluent ScAP-23 cells appear sickly with loss of morphological integrity. When we assessed cell number during the first 48 h of adipogenic induction, we failed to find an increase that was specific to treatment with adipogenic inducers and that would be indicative of MCE during early-stage ScAP-23 adipogenesis (data not shown). We have also observed a high degree of differentiation in individual underconfluent cells, indicating that confluence per se is not needed for adipogenesis of ScAP-23 preadipocytes, although underconfluent cells differentiate less uniformly. Agents that have been previously studied in adipogenesis have been identified to effectively substitute for postconfluence-induced growth arrest, for example, growth arrest via treatment with sodium butyrate (111). While not reported in the context of adipogenesis, indomethacin, the agent we identify as key to ScAP-23 adipogenesis, induces growth arrest in a number of other cell types (6, 25) . It may be serving a similar function in ScAP-23 adipogenesis. It has been postulated that embryonic preadipocyte cell lines may require clonal expansion, whereas those that are adult derived may not (32) , and that perhaps in these cases the critical mitoses of MCE, which are speculated to result in increased accessibility of key DNA regulatory regions, have already taken place in vivo (32) . This may be the case for ScAP-23. Future studies can address in detail the temporal relationships between growth arrest and differentiation in this cell line.
Our analysis to date of gene expression in ScAP-23 and 3T3-L1 adipogenesis has allowed us to identify similarities and distinctions at the preadipocyte and adipocyte stage, and future work can further define gene expression profiles of ScAP-23 preadipocytes and adipocytes. As such, our gene expression studies suggest the possibility of key distinctions in the molecular gene expression and differentiation machinery present in 3T3-L1 vs. ScAP-23 adipogenesis. It is not yet clear to what extent these molecular distinctions may reflect the different tissue origin of these two cells lines. It would also be of interest to determine to what degree the ScAP-23 model is reflective of adipogenesis that is specific to the subcutaneous WAT depot. Various studies in humans and rodents have illuminated distinctions in the physiology of adipocytes among the different WAT depots (5) . In addition, preadipocytes from the individual WAT depots show depot-dependent characteristics (2, 26, 27, 34, 47, 59 -61, 73, 76, 104, 106, 107, 115) . These distinctions, and their molecular underpinnings, are gaining in importance with the realization that it is the anatomic location of excess adipose tissue that underlies the detrimental health impact of obesity (62) . In vitro studies of subcutaneous and intra-abdominal preadipocytes have indicated regional variations in the capacity of precursors for replication (26, 59, 115) , preadipocyte number (61), adipogenic differentiation (2, 27, 47, 59, 104) , and susceptibility to apoptosis (107) . Depot-dependent distinctions in expression level of select adipocyte differentiation marker genes have been identified (60, 68, 73, 76, 104) . Moreover, recent application of DNA chip microarray technology has determined the transcriptional profiles of preadipocytes and adipocytes from distinct WAT depots and in cultures derived thereof (34, 106) . These studies have uncovered the depot-dependent differential gene expression of Hox family genes and others with known roles in patterning and development (34, 106) , as well as others. Interestingly, fat depotspecific cellular and gene expression characteristics are retained after culturing of primary preadipocytes and in cell strains obtained from single human preadipocytes (34, 104 -106) . Such observations led to the conclusions that aspects of depot-related preadipocyte gene expression are of an inherent and apparently cell-autonomous nature (34, 106) . Overall, these recent studies have highlighted the fact that different WAT adipose depots should likely be regarded as distinct miniorgans (15) . White preadipocytes/adipocytes also exist outside of discrete WAT depots, such as in bone marrow (35, 37, 66) and intramuscular (33) , orbital (93) , perivasculature (121) , and epicardial (52) locations. It might be presumed that these cells may possess inherent distinctions and also share commonalities of function and gene expression that define each as fundamentally preadipocyte in nature. Thus it appears that, with regard to the molecular and cellular definition of the preadipocyte, the effects of adipose depot, as well as the in vivo vs. in vitro setting, come into play. The continuing analysis of ScAP-23 as well as other existing models, including newly emerging models derived from individual fat depots, should allow additional key insights into fundamental and depot-dependent aspects of preadipocyte biology. 
